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This  invention  relates  to  a  process  for 
separating  and  recovering  acidic  gases  such  as 
carbonic  acid  gas  from  a  methane-rich  gas  by  a 
pressure  swing  method,  that  is  an  alternate 
pressure  variation  method. 

With  the  recent  raise  in  energy  cost,  gases 
obtained  by  a  methane  fermentation  method 
have  been  reconsidered  as  a  substitute  energy 
source. 

The  methane  fermentation  gases  contain 
carbonic  acid  gas  in  a  large  proportion.  For 
example,  methane  fermentation  gases  obtained 
by  digestion  of  sewage  and  sludge,  which  gases 
are  typical  of  methane  fermentation  gases, 
usually  contain  35-40  vol.%  of  carbonic  acid  gas. 
Further,  biomass  gases  obtained  by  means  of 
methane  fermentation  of  the  biomass  usually 
contain  about  50%  by  volume  of  carbonic  acid 
gas. 

For  this  reason,  such  methane-rich  gases 
(hereinafter  referred  to  as  "methane  gas"  for 
brevity)  are  low  in  calorific  value  and  are  limited 
in  use.  However,  a  methane  gas  will  be  converted 
to  a  high  calorific  gas  by  removing  therefrom  the 
carbonic  acid  gas  contained  therein  and  the  high 
calorific  gas  so  obtained  is  effective  for  use  as 
fuel. 

Natural  gas  is  valuable  as  a  source  for  clean 
energy  and  has  been  increasingly  demanded. 

However,  natural  gas  obtained  from  under  the 
ground  will  vary  in  composition  depending  on  the 
site  from  which  the  gas  is  obtained,  and  it  is 
usually  composed  mainly  of  methane.  It  further 
contains  2-10  vol.%  of  hydrocarbons  such  as 
ethylene,  ethane  and  propane,  0.5-50  vol.%  of 
carbonic  acid  gas  and  about  1-3  vol.%  of 
hydrogen  sulfide  and  the  like,  among  which 
carbonic  acid  gas  is  an  incombustible  gas  which 
undesirably  lowers  the  natural  gas  in  calorific 
value.  In  addition,  acidic  gases  containing  sulfur- 
containing  compounds  such  as  hydrogen  sulfide 
are  not  desirable  as  fuel  since  they  tend  to 
corrode  apparatuses  in  which  gases  containing 
the  acidic  ones  are  used. 

For  the  aforementioned  reason,  it  is  not 
preferable  to  use  natural  gas  as  it  is  obtained  and 
it  is  necessary  to  remove  the  acidic  gases  from 
natural  gas. 

Conventional  methods  for  removing  carbonic 
acid  gas  from  starting  gases  containing  the  same 
generally  include  a  chemical  absorption  method 
comprising  absorbing  carbonic  acid  gas  with  an 
alkali  absorbing  solution  such  as  an  amine 
aqueous  solution  or  potassium  carbonate 
aqueous  solution  and  then  heating  the  thus  used 
solution  for  regeneration  and  a  water  absorption 
method  comprising  absorbing  carbonic  acid  gas 
with  water  under  a  high  pressure  by  means  of 
differences  in  solubility  and  then  reducing  the 
high  pressure  to  liberate  the  carbonic  acid  gas 
therefrom.  However,  the  former  requires  a  large 
amount  of  heat  energy  and  the  latter  requires  a 
high  pressure  of  about  3043  KPa  absolute  (30 

Kg/cm2  gauge)  for  physical  absorption  thereby 
incurring  a  high  cost  for  the  removal  of  carbonic 
acid  gas  with  the  attendant  imperfect  separation 
thereof.  Thus,  these  conventional  methods  are 
not  suitable  as  methods  for  industrially 
separating  and  recovering  acidic  gases  such  as 
carbonic  acid  gas  from  a  methane  gas  containing 
the  acidic  gases. 

Further,  methods  for  adsorbing  and  separating 
carbonic  acid  gas  by  means  of  adsorption 
phenomena  are  exemplified  by  a  thermal  swing 
adsorption  method  and  a  purge  gas  stripping 
desorption  method. 

In  the  former  method,  the  used  adsorbent  is 
regenerated  by  heating  it  to  about  200°C  in  a 
stream  of  gases  to  be  treated,  the  product  gases 
so  treated  or  other  gases,  the  amount  of  the 
stream  flowed  being  10-20%  of that  of the  gases 
to  be  treated.  Thus,  this  method  requires  a  large 
amount  of  heat  for  said  heating.  Further,  this 
conventional  method  is  disadvantageous  in  that 
the  time  cycle  is  long  since  the  adsorbing 
operation  is  resumed  after  cooling  of  the 
adsorbent  subsequent  to  the  heating  thereof,  the 
carbonic  acid  gas  desorbed  decreases  in 
concentration  since  the  gases  to  be  treated  are 
flowed  for  said  regeneration  and  the  adsorbent 
decreases  in  strength  and  is  shortened  in  lifetime 
since  repeated  exposure  thereof to  alternate  high 
and  low  temperatures.  Accordingly,  this  method 
may  be  used  satisfactorily  only  for  removal  of 
carbonic  acid  gas  in  a  minute  amount  usually  in 
the  order  of  up  to  several  thousand  p.p.m.  for 
example. 

In  the  latter  method  (purge  gas  stripping 
desorption  method),  it  is  disadvantageous  that 
since  the  used  adsorbent  is  regenerated  by 
flowing  a  large  amount  of  air  or  nitrogen  gas  for 
desorption  without  heating,  desorption  is  not 
sufficiently  carried  out, the  effective  adsorbability 
per  unit  of  adsorbent  is  low  and  the  amount  of 

. adsorbent  used  per  unit  of  gases  to  be  treated 
increases. It is  also  disadvantageous  that  carbonic 
acid  gas  to  be  desorbed  is  diluted  with  a  large 
amount  of  a  regenerating  gas  arid,  therefore,  the 
carbonic  acid  gas  so  desorbed  will  hardly  be  used 
for  any  purposes. 

In  contrast,  the  pressure  swing  method  used  in 
this  invention  comprises  carrying  out  the 
adsorption  at  a  high  pressure  and  the  desorption 
at  a  low  pressure.  This  method  is  advantageous 
over  said  conventional  methods  in  that  heating 
and  a  regenerating  gas  are  unnecessary  for  the 
regeneration  of  used  adsorbent,  a  less  amount  of 
adsorbent  is  required  per  unit  of  gases  to  be 
treated  since  the  time  cycle  can  be  shortened, 
even  to-be-treated  gases  containing  carbonic  acid 
gas  in  a  high  concentration  may  be  treated  for 
removal  of the  carbonic  acid  gas  and  the  carbonic 
acid  gas  desorbed  may  be  used  for  many 
purposes  such  as  the  production  of  liquefied 
carbonic  acid  since  the  desorbed  carbonic  acid 
gas  is  high  in  concentration. 

Japanese  Patent  Application  Laid-Open  Gazette 
No.  56-118791  discloses  a  method  comprising 



contacting  a  methane  fermentation  gas  with 
water  in  a  tank  and  withdrawing  the  gas-absorbed 
water  from  the  tank  to  liberate  the  gas  into  the  air. 
However,  the  method  so  disclosed  can  only 
remove  the  carbonic  acid  gas  which  cannot 
effectively  be  utilized.  It  appears  unknown  that 
carbonic  acid  gas  was  recovered  from  the 
methane  fermentation  gas  containing  the  same 
and  the  gas  so  recovered  was  effectively  utilized 
for  some  purposes.  Further,  there  are  known 
methods  for  adsorbing  and  separating  carbonic 
acid  gas  by  a  pressure  swing  method  using 
activated  carbon  as  the  adsorbent.  For  example, 
US-A-4  077 779  discloses  the  bulk  separation 
of  gaseous  mixtures  and  is  particularly  concerned 
with  the  recovery  of  substantially  pure  hydrogen 
by  selective  adsorption  from  such  mixtures  of 
carbon  dioxide  and/or  hydrocarbon  gases  in  a 
pressure  swing  system,  and  also  discloses  the 
use  of  activated  carbon  as  a  preferred  adsorbent 
for  separating  C02  from  CH4.  DE-B-2  827  969 
discloses  the  separation  of  C02  from  a  gaseous 
mixture  containing  mainly  CH4  and  some  CO2  by 
adsorption  under  pressure  using  BPL  (granular 
activated  carbon)  and  the  subsequent  desorption 
of  the  thus  adsorbed  C02  at  normal  pressure. 
However,  such  activated  carbon  is  not  fully 
satifactory  in  its  ability  to  separate  methane  gas 
from  carbonic  acid  gas. 

In  view  of  this,  the  present  inventors  found  that 
carbonic  acid  gas  and  the  like  may  be  removed 
and  recovered  at  a low  cost  from  a  methane  gas 
containing  the  same  by  the  pressure  swing 
method  wherein  a  carbon  molecular  sieve  having 
a  specified  nominal  pore  size  is  used  as  the 
adsorbent,  thus  accomplishing  this  invention. 

The  primary  object  of  this  invention  is  to 
provide  a  process  for  refining  a  methane  gas  at  a 
low  cost. 

This  object  may  be  achieved  by  removing  and 
recovering  carbonic  acid  gas  and  other  acidic 
gases  from  a  methane-rich  gas  containing  the 
same  by  the  use  of  the  pressure  swing  method. 

According  to  the  present  invention,  there  is 
provided  a  process  for  separating  and  recovering 
carbonic  acid  gas  from  a  methane-rich  gas 
containing  the  same  by  a  pressure  swing  method 
comprising  the  steps  of  adsorbing  the  carbonic 
acid  gas  from  the  methane-rich  gas  with  a  carbon 
molecular  sieve  as  an  adsorbent  at  an  adsorbing 

pressure  in  the  range  of  from  101  KPa  absolute 
(atmospheric  pressure)  to  5004  KPa  absolute  (50 
Kg/cm2  gauge)  to  obtain  a  refined  methane  gas 
and  then  desorbing  the  carbonic  acid  gas  from 
the  carbonic  acid  gas-adsorbed  adsorbent  at  a 
desorbing  pressure  in  the  range  of  592  KPa 
absolute  (5  Kg/cm2  gauge)  down  to  vacuum  to 
obtain  a  substantially  pure  carbonic  acid  gas,  the 
adsorbing  pressure  being  selected  so  as  to  be 
higher  than  the  desorbing  pressure,  characterised 
in  that  the  carbon  molecular  sieve  has  a  nominal 
pore  size  of  0.28  to  0.4  nm. 

According  to  this  invention,  the  adsorption  is 
carried  out  at  a  low  pressure  as  compared  with 
the  known  art  (which  is  illustrated  by  the  water 

absorption  method),  the  necessary  energy  is  only 
electric  power  necessary  for  pressurizing  gases  to 
be  treated  and  such  energy  is  unnecessary  in  a 
case  where  natural  gas  itself  has  a  pressure  or  in 
the  case  of  gases  from  a  pressurized  fermenting 
tank,  whereby  the  gases  to  be  treated  may  be 
refined  extremely  conveniently.  Furthermore,  in 
cases  where  natural  gas  itself  has  no  pressure,  it 
must  of  course  be  pressurized  for  being  sent  even 
if  it  is  not  refined  and  the  natural  gas  leaving  an 
apparatus  for  carrying  out  the  method  of  this 
invention  is  required  to  have  approximately  the 
same  pressure  as  that  at  the  inlet  of  the 
subsequent  apparatus;  therefore,  it  does  not 
follow  that  the  electric  power  is  consumed  only 
for  the  apparatus  for  carrying  out  the  process  of 
this  invention.  In  any  event,  the  process  of  this 
invention  renders  it  possible  to  separate  or 
remove  carbonic  acid  gas  and  the  like  at  a  low 
cost.  In  addition,  biomass  gases  containing 
carbonic  acid  gas  in  a  high  concentration  and 
evolved  at  a  low  pressure  may  be  treated  by  the 
pressure  swing  method  of  this  invention  to 
remove  the  carbonic  acid  gas  at  a  comparatively 
low  adsorbing  pressure  (because  of  their  high 
content  of  carbonic  acid  gas  and  therefore  the 
high  partial  pressure  thereof)  and  recover  the 
carbonic  acid  gas  so  removed.  Biomass  gases  are 
obtained  by  methane  fermentation  of  terrestrial 
vegetables,  seaweeds  or  the  like. 

In  the  pressure  swing  method  of  this  invention, 
the  higher  the  adsorbing  pressure  is,  the  larger 
the  amount  of  gases  adsorbed  per  unit  of 
adsorbent  is.  Thus  the  apparatus  for  carrying  out 
the  method  of  this  invention  may  advantageously 
be  made  in  compact  size,  however,  it  is  not 
recommendable  that  the  adsorbing  pressure  used 
be  very  high  since  this  incurs  an  increase  in 
electric  power  needed  and  in  cost  of  a 
compressor  used.  It  is  of  course  unnecessary  to 
take  the  trouble  to  lower  the  pressure  of  natural 
gas  if  the  original  pressure  thereof  is  high.  If  the 
pressure  of  gases  to  be  treated  is  required  to  be 
raised,  then  it  should  preferably  be  raised  to 
297-592  KPa  absolute  (2-5  Kg/cm2  gauge)  from 
the  viewpoint  of  the  overall  cost.  If,  on  the  other 
hand,  the  pressure  is  lower  than  the  above,  then 
the  apparatus  must  disadvantageously  be  of  a 
large  size. 

The  pressure  used  in  the  adsorbing  step  is  in 
the  range  of  from  101  KPa  absolute  (atmospheric 
pressure)  to  5504  KPa  absolute  (50  Kg/cm2 
gauge),  and  that  used  in  the  desorbing  step  is  in 
the  range  from  592  KPa  absolute  (5  Kg/cm2 
gauge)  down  to  vacuum. 

The  adsorbent  used  herein  is  carbon  molecular 
sieve  having  a  nominal  pore  size  of  0.28-0.4  nm 
(2.8-4.0  A).  This  adsorbent,  as  compared  with 
other  adsorbents,  has  the  following  advantages: 

(1)  The  adsorbent  allows  the  amount  of 
carbonic  acid  gas  adsorbed  per  unit  of  the 
adsorbent  to  be  large. 

(2)  The  adsorbent  has  high  moisture  resistance 
and  this  usually  makes  if  unnecessary  to 
preliminarily  dry  the  adsorbent  if  gases  to  be 



treated  contain  moisture.  More  particularly, 
carbon  molecular  sieve  is  capable  of  adsorbing 
and  desorbing  even  the  moisture  of  the  gases  to 
be  treated. 

(3)  The  adsorbent  having  a  nominal  pore  size  of 
0.3  nm  (3  A)  has  an  excellent  separating  effect 
since  it  adsorbs  only  carbonic  acid  gas,  not 
hydrocarbons  at  all. 

(4)  The  adsorbent  is  capable  of  desorbing  the 
adsorbed  carbonic  acid  gas  easily.  This  is  because 
the  adsorbent  allows  only  carbonic  acid  gas  to 
enter  into  the  pores  (diameter  of  molecular: 
carbonic  acid  gas,  0.28  nm  (2.8  A)  methane  0.4  nm 
(4.0  A))  since  the  pore  size  is  about  0.3  nm  (3  A). 

(5)  The  adsorbent,  as  compared  with  other 
ones,  has  high  strength  and  satisfactory  wear 
resistance  and  will  not  decrease  in  strength  due  to 
moisture.  Thus,  this  adsorbent  has  excellent 
properties,  a  long  lifetime  and  low  chemical 
reactivity. 

The  temperature  for  the  adsorption  or 
desorption  is  not  particularly  limited,  however,  it 
may  preferably  be  up  to  50°C,  more  preferably 
40.0°C. 

The  temperature  of  gases  evolved  in  a  methane 
fermenting  tank  are  usually  in  the  range  of  about 
35°C  to  about  55°C  and  saturated  with  moisture.  It 
is  therefore  desirable  to  cool  the  gases  to  below 
40°C,  preferably  to  about  20°C  in  order  to 
decrease  the  moisture.  However,  it  may  be 
desirable  to  cool  to  a  further  low  temperature  in 
order  to  dehydrate  and  dry  gases  to  be  treated.  In 
this  respect,  the  use  of  carbon  molecular  sieve  as 
the  adsorbent  is  advantageous,  as  mentioned 
before. 

This  invention  will  be  further  explained  by 
reference  to  Fig.  1  which  is  a  flow  sheet  indicating 
one  embodiment  of  this  invention. 

Gases  evolved  in  a  methane  fermenting  tank  1 
usually  contain  impurities  such  as  gaseous 
hydrogen  sulfide.  The  gases  are  passed  to  a 
desulfurizer  2  and  then  to  a  compressor  3  thereby 
to  raise  the  pressure  of  the  gases  to  the  necessary 
one.  It  is  of  course  unnecessary  to  use  the 
desulfurizer  in  a  case  where  the  fermentation 
gases  do  not  contain  hydrogen  sulfide  and  the 
like;  in  this  case,  the  gases  to  be  treated  are  raised 
in  pressure  without  being  passed  to  the 
desulfurizer.  The  gases  so  raised  in  pressure  are 
cooled  by  a  cooler  4  to  reduce  the  moisture 
content  thereof  and  then  introduced  into  an 
adsorbing  means  5  packed  with  an  adsorbent. 
The  adsorbing  means  consists  of  at  least  two 
adsorbing  towers.  As  the  number  of  the  towers 
increases,  the  recovery  ratio  increases  and,  at  the 
same  time,  the  cost  of  equipment  also  increases. 
Thus,  the  adsorbing  means  consists  usually  of 
2-6  adsorbing  towers.  In  the  pressure  swing 
apparatus  according  to  this  invention,  the 
carbonic  acid  gas  contained  in  the  fermentation 
gases  is  adsorbed  thereby  to  increase  the  gases  in 
methane  concentration  and  the  thus  obtained 
methane-rich  gases  are  passed  through  a  buffer 
tank  8  to  the  users.  On  the  other  hand,  the 
carbonic  acid  gas  adsorbed  in  the  adsorbing 

tower  5  is  reduced  in  pressure  for  desorption  by 
the  use  of  a  vacuum  pump  6. 

In  cases  where  the  desorption  is  carried  out  at 
atmospheric  pressure,  the  vacuum  pump  6  is  of 
course  unnecessary.  The  carbonic  acid  gas  so 
desorbed  is  passed  through  a  reservoir  7  to  the 
users.  Depending  on  the  purpose  for  which  this 
carbonic  acid  is  used,  it  is  transported  without  any 
further  treatment  to  the  users  or  introduced  into 
an  apparatus  for  producing  liquefied  carbonic 
acid  gas  thereby  to  produce  liquefied  carbonic 
acid  gas. 

Natural  gas  generally  contains  sulfur- 
containing  compounds  such  as  hydrogen  sulfide, 
and  it  is  necessary  to  remove  these  sulfur- 
containing  compounds.  This  removal  may  be 
achieved  by  installing,  upstream  of the  adsorbing 
tower,  a  desulfurizing  tower  filled  with  activated 
carbon  capable  of  easily  adsorbing  and  desorbing 
the  sulfur-containing  compounds  and  then 
effecting  pressure  swing  in  the  same  cycle  as  in 
the  adsorbing  tower. 

This  invention  will  further  be  explained  by 
reference  to  Fig.  2  which  is  a  flow  sheet  indicating 
another  embodiment  of  this  invention. 

Natural  gas  1  is  passed  through  a  suction  tank  2 
to  a  compressor  3  by  which  it  is  raised  in  pressure 
to  a  desired  one.  It  is  a  matter  of  course  that  the 
compressor  is  unnecessary  in  cases  where  the 
original  pressure  of  natural  gas  is  not  lower  than 
the  desired  pressure.  The  natural  gas  so  raised  in 
pressure  is  cooled  by  a  cooler  4  to  reduce 
moisture  content  of  the  gas  and  introduced  into  a 
desulfurizing  tower  5  and  then  into  an  adsorbing 
tower  6.  The  pressure  swing  apparatus  in  Fig.  2 
consists  of  at  least  two  sets  of  a  desulfurizing 
tower  and  adsorbing  tower.  As  the  number  of 
adsorbing  towers  increases,  not  only  the  recovery 
ratio  but  also  the  cost  of  pressure  swing 
apparatus  increases.  Thus,  the  pressure  swing 
apparatus  consists  usually  of  2-6  adsorbing 
towers  in  many  cases.  In  the  practice  of  this 
invention  using  the  present  pressure  swing 
apparatus,  the  sulfur-containing  compounds  are 
adsorbed  in  the  desulfurizing  tower,  the  carbonic 
acid  gas  is  adsorbed  in  the  adsorbing  tower  and 
the  natural  gas  which  has  been  freed  of  the 
sulfur-containing  compounds  and  carbonic  acid 
gas  is  then  passed  through  a  product  tank  7  to  the 
users  as  a  reined  natural  gas. 

The  sulfur-containing  compounds  and  carbonic 
acid  gas  adsorbed  respectively  in  the 
desulfurizing  tower  and  adsorbing  tower  are 
desorbed  at  a  reduced  pressure  by  a  vacuum 
pump  9.  For  desorption  at  atmospheric  pressure, 
the  vacuum  pump  is  of  course  unnecessary. 

In  cases  natural  gas  contains  carbonic  acid  gas 
in  a  low  concentration,  some  amounts  of 
methane,  ethane  and  other  hydrocarbons  are 
withdrawn  from  the  desorbing  step  since  the 
desorbed  gases  contain  the  hydrocarbons  in  an 
increased  proportion.  The  initial  portion  of  the 
desorbed  gases  is  usually  recycled  to  the  suction 
tank  2  thereby  to  lessen  the  loss  of  the  hydro- 



carbons,  while  the  remaining  portion  10  thereof  is 
recovered  as  a  gas  10. 

This  invention  will  be  better  understood  by  the 
following  non-limitative  examples. 

Example  1 
Gases  evolved  by  anaerobic  fermentation  (so- 

called  methane  fermentation)  of  sewage  and 
sludge  derived  from  sewage  disposal  factories 
contain  35  vol.%  of  carbonic  acid  gas,  64%  of 
methane,  1 %  of  hydrogen  and  nitrogen  including 
a  minute  amount  of  hydrogen  sulfide. 

The  gases  are  passed  to  a  desulfurizer  where 
the  minute  amount  of  hydrogen  sulfide  is 
removed,  raised  in  pressure  to  346  KPa  absolute 
(2.5  Kg/cm2  gauge)  by  a  compressor  and  then 
introduced  into  a  pressure  swing  apparatus 
consisting  of  two  towers  packed  with  a 
commercially  available  carbon  molecular  sieve 
having  a  nominal  pore  size  of  0.3  nm  (3  A)  thereby 
to  remove  the  carbonic  acid  gas  and  obtain  a  high 
calorific  methane  gas  having  5  vol.  of  carbonic 
acid  gas. 

The  thus  obtained  methane  gas  has  an 
increased  calorific  value  of  33488  KJ/Nml  (8000 
Kcal/Nm3),  while  the  original  methane 
fermentation  gases  containing  carbonic  acid  gas 
has  a  calorific  value  of  23023  KJ/Nm3  (5500 
Kcal/Nm3).  When  the  former  gas  is  used  as  the 
fuel  in  a  conventional  gas  engine,  the  efficiency  is 
increased  by  about  25%.  On  the  other  hand,  there 
is  obtained  a  carbonic  acid  gas  having  a  purity  of 
99%  by  effecting  the  desorption  at  a  pressure 

reduced  to  9.3  KPa  (70  Torr)  by  the  use  of  the 
compressor.  Such  a  highly  pure  carbonic  acid  gas 
has  a  purity  enough  for  use  as  material  for 
liquefied  carbonic  acid  gas. 

In  this  case,  the  electric  power  consumed  is  0.12 
KW/Nm3  (fermentation  gases)  which  is  very 
economical  as  compared  with  that  needed  in 
conventional  methods.  Said  electric  power 
consumed  corresponds  to  about  one-third  of  the 
increased  electric  power  generated  by  the  gas 
engine  whose  efficiency  has  been  enhanced,  this 
being  very  economical  from  the  view-point  of 
energy  balance. 

Example  2 
Natural  gas  containing  80%  of  methane,  4%  of 

ethane,  15%  of  carbonic  acid  gas  and  1%  of 
hydrogen  sulfide  and  saturated  with  moisture,  is 
raised  in  pressure  to  346  KPa  absolute  (2.5  Kg/cm2 
gauge)  by  a  compressor  and  then  introduced  into 
a  pressure  swing  apparatus  consisting  of  3  sets 
(as  indicated  in  Fig.  2)  of  a  desulfurizer  filled  with 
a  commercially  available  activated  carbon  and  an 
adsorbing  tower  filled  with  a  commercially 
available  carbon  molecular  sieve  having  a 
nominal  pore  size  of  0.3  nm  (3  A).  In  each  of  the 
adsorbing  towers,  the  operation  is  performed  in  a 
6-minutes'  time  cycle  consisting  of  a  2-minutes' 
adsorbing  step,  a  1-minute's  pressure 
equalization  step,  a  1-minute's  reduced  pressure 
desorbing  step,  a  1-minute's  pressure 
equalization  step  and  a  1-minute's  pressure 
raising  step  as  indicated  in  Table  1. 





The  natural  gas  from  the  adsorbing  step  is  freed 
from  substantially  the  whole  of  the  carbonic  acid 
gas  and  contains  0.1%  thereof.  Further,  it 
contains  up  to  only  10  p.p.m.  (moisture:  dew 
point  of  -35°C  or  below)  and,  thus,  it  is 
thoroughly  refined. 

Pressure  equalization  effected  herein  is 
associated  with  the  effective  utilization  of  energy 
and  more  particularly  it  is  conducive  to  the 
economization  of  power  for  both  the  compressor 
and  vacuum  pump. 

The  initially  desorbed  gases  of  those  desorbed 
at  a  pressure  reduced  13.3  kPa  (100  Torr)  by  the 
vacuum  pump  after  the  pressure  equalization, 
contain  a  considerable  amount  (about  20%  for 
example)  of  methane  and  are  therefore  recycled 
to  the  inlet  of  the  compressor.  The  amount  of  the 
desorbed  gases  so  recycled  is  about  70%  of  the 
whole  desorbed  gases  during  the  desorbing  step. 
The  gases  desorbed  during  the  latter  part  of  the 
desorbing  step  are  discharged.  The  gases  so 
discharged  contain  about  2%  of  methane  and, 
therefore,  a  loss  of  methane  is  negligible  for  the 
original  natural  gas.  The  discharged  gases  are 
substantially  a  highly  pure  C02  gas  (about  98% 
C02  content)  and  are  fully  useful  as  material  for 
liquefied  carbonic  acid  gas. 
The  energy  needed  for  the  operaton  in this  case 

is  about  0.18  KW/Nm3  (the  original  natural  gas) 
and  is  far  economical  as  compared  with  other 
known  processes  for  removing  carbonic  acid  gas. 
In  addition,  the  process  of  this  invention  is  very 
advantageous  in  that  the  refining  and  drying  of 
gases  to  be  treated  can  be  carried  out  at  the  same 
time. 

Example  3 
Natural  gas  which  is  obtained  at  a  self-pressure 

of  2553  KPa  absolute  (25  Kg/cm2  gauge),  contains 
78%  of  methane,  2%  of  ethane,  20%  of  carbonic 
acid  gas  and  no  hydrogen  sulfide  and  is  saturated 
with  moisture,  is  introduced  into  a  pressure  swing 
apparatus  (as  indicated  in  Fig.  2  except  for  the  3 
desulfurizing  towers)  comprising-  3  adsorbing 
towers  filled  with  a  commercially  available 
carbon  molecular  sieve  having  a  nominal  pore 
size  of  0.3  nm  (3  A)  and  then  subjected  to 
separating  operation  performed  in  a  15-minutes' 
time  cycle  consisting  of  a  5-minutes'  adsorption 
step,  a  5-minutes'  pressure  equalization  and 
desorption  step  and  a  5-minutes'  pressure 
equalization  and  pressure  raising  step,  in 
accordance  with  the  flow  sheet  indicated  in  Fig.  2. 
In  a  case  where  the  desorption  is  effected  at 
atmospheric  pressure  without  the  used  of  a 
vacuum  pump  and  the  amount  of  the  desorbed 
gas  recycled  is  about  50%  of  the  whole  of  the 
desorbed  gas,  the  natural  gas  passing  through 
the  adsorbing  tower  comprises  2%  of  carbonic 
acid  gas  and  the  desorbed  carbonic  acid  gas 
comprises  5%  of  methane  gas. 

It  is  possible  to  further  improve  the  separation 
efficiency  by  effecting  the  desorption  at  super- 
atmospheric  pressure  and  introducing  the  thus 
desorbed  gas  into  another  pressure  swing 

apparatus  of  the  same  kind.  It  is  possible  in  this 
manner  to  reduce  the  concentration  of  methane 
gas  in  the  desorbed  carbonic  acid  gas  to  about 
0.9%. 

Accordingly,  the  desorbed  gas  from  the 
pressure  swing  apparatus  may  further  be 
introduced  into  another  pressure  swing 
apparatus  of  the  same  kind  thereby  to  decrease 
not  only  the  methane  concentration  in  desorbed 
carbonic  acid  gas  to  below  1%  but  also  the 
carbonic  acid  gas  concentration  in  the  resulting 
methane  gas  to  below  1%. 

1.  A  process  for  separating  and  recovering 
carbonic  acid  gas  from  a  methane-rich  gas 
containing  the  same  by  a  pressure  swing  method 
comprising  the  steps  of  adsorbing  the  carbonic 
acid  gas  from  the  methane-rich  gas  with  a  carbon 
molecular  sieve  as  an  adsorbent  at  an  adsorbing 
pressure  in  the  range  of  from  101  KPa  absolute 
(atmospheric  pressure)  to  5004  KPa  absolute  (50 
Kg/cm2  gauge)  to  obtain  a  refined  methane  gas 
and  then  desorbing  the  carbonic  acid  gas  from 
the  carbonic  acid  gas-adsorbed  adsorbent  at  a 
desorbing  pressure  in  the  range  of  592  KPa 
absolute  (5  Kg/cm2  gauge)  down  to  vacuum  to 
obtain  a  substantially  pure  carbonic  acid  gas,  the 
adsorbing  pressure  being  selected  so  as  to  be 
higher  than  the  desorbing  pressure,  characterised 
in  that  the  carbon  molecular  sieve  has  a  nominal 
pore  size  of  0.28  to  0.4  nm. 

2.  A  process  according  to  claim  1,  wherein  the 
methane-rich  gas  is  a  member  selected  from  the 
group  consisting  of  a  methane  fermentation  gas 
and  natural  gas. 

3.  A  process  according  to  claim  2,  wherein  the 
methane  fermentation  gas  is  a  biomass  gas. 

4.  A  process  according  to  any  of  claims  1  to  3, 
wherein  the  methane-rich  gas  is  maintained  at 
not  higher  than  40°C  in  the  adsorbing  and 
desorbing  steps. 

5.  A  process  according  to  any  of  claims  1  to  4, 
further  comprising  the  step  of  desulfurizing  the 
methane-rich  gas  with  activated  carbon  as  the 
desulfurising  agent  prior  to  the  adsorbing  step. 

6.  A  process  according  to  any  of  claims  1  to  5, 
wherein  a  part  of  the  deadsorbed  gas  is  recycled 
to  the  step  of  adsorption  thereby  to  increase  the 
rate  of  recovery  of  the  refined  methane  gas  and 
simultaneously  enhance  the  purity  of  the 
deadsorbed  carbonic  acid  gas. 

1.  Verfahren  zur  Abtrennung  und  Rückgewinn- 
ung  von  C02  aus  einem  methanreichen,  CO2- 
hältigen  Gas  durch  eine  Druckwechselmethode, 
wobei  in  einem  Adsorbtionsschritt  C02  aus  dem 
methanreichen  Gas  mit  einem  Kohlenstoff - 
Molekularsieb  als  Adsorber  unter  einem 
absoluten  Druck  in  einem  Bereich  von  101  kPa 
(Atmosphärendruck)  bis  5004  kPa  (50  kg/cm2)  zur 
Gewinnung  von  gereinigtem  Methangas 



adsorbiert  wird  und  in  einem  Desorptionsschritt 
CO2  aus  dem  CO2-adsorbierenden  Adsorber  unter 
einem  absoluten  Druck  im  Bereich  von  592  kPa  (5 
kg/cm2)  bis  Vakuum  zur  Gewinnung  von  im 
wesentlichen  reinen  C02  desorbiert  wird,  wobei 
der  Adsorbtionsdruck  höher  als  der  Desorptions- 
druck  gewählt  wird,  dadurch  gekennzeichnet,  daß 
das  Kohlenstoff -  Molekularsieb  eine  nominelle 
Porengröße  von  0,28  bis  0,4  nm  aufweist. 

2.  Verfahren  nach  Anspruch  1,  wobei  das 
methanreiche  Gas  aus  der  Gruppe  umfassend 
Methan-Gärgas  und  Erdgas  gewählt  wird. 

3.  Verfahren  nach  Anspruch  2,  wobei  das 
Methan-Gärgas  Biomassegas  ist. 

4.  Verfahren  nach  einem  der  Ansprüch  1  bis  3, 
wobei  das  methanreiche  Gas  bei  Temperaturen 
von  nicht  höher  als  40°C  im  Adsorptions-  und 
Desorptionsschritt  gehalten  wird. 

5.  Verfahren  nach  einem  der  Ansprüch  1  bis  4, 
welches  zusätzlich  einen  Schritt  zur  Entschwefel- 
ung  des  methanreichen  Gases  mit  aktivierter 
Kohle  als  Entschwefelungsmittel  vor  dem 
Adsorptionsschritt  umfaßt. 

6.  Verfahren  nach  einem  der  Ansprüche  1  bis  5, 
wobei  ein  Teil  des  desorbierten  Gases  in  den 
Adsorbtionsschritt  rückgeführt  wird,  um  die  Rück- 
gewinnungsrate  des  gereinigten  Methangases  zu 
erhöhen  und  gleichzeitig  die  Reinheit  des  desorbi- 
erten  C02  zu  vergrößern. 

1.  Procédé  pour  la  séparation  et  la  récupération 
de  gaz  carbonique  à  partir  d'un  gaz  riche  en 
méthane  contenant  ledit  gas  carbonique,  par  une 
méthode  d'alternance  de  pression,  ledit  procédé 
comprenant  les  étapes  consistant  à  faire  adsorber 
le  gaz  carbonique  à  partir  du  gaz  riche  en 

méthane  par  un  tamis  moléculaire  à  base  de 
carbone  en  tant  qu'adsorbant,  à  une  pression 
d'absorption  se  situant  dans  la  plage  allant  de  101 
kPa  absolus  (pression  atmosphérique)  à  5004  kPa 
absolus  (50  kg/cm2  au  manomètre),  afin  d'obtenir 
un  gas  méthane  épuré,  et  ensuite  à  faire  désorber 
le  gaz  carbonique  à  partir  de  l'adsorbant  ayant 
adsorbé  le  gaz  carbonique,  à  une  pression  de 
désorption  se  situant  dans  la  plage  allant  de  592 
kPa  absolus  (5  kg/cm2  au  manomètre)  jusqu'au 
vide,  pour  obtenir  un  gaz  carbonique  pratique- 
ment  pur,  la  pression  d'adsorption  étant  choisie 
de  manière  à  être  plus  élevée  que  la  pression  de 
désorption,  caractérisé  par  le  fait  que  le  tamis 
moléculaire  à  base  de  carbone  présente  une  taille 
de  pores  nominale  de  0,28  à  0,4  nm. 

2.  Procédé  selon  la  revendication  1,  dans  lequel 
le  gaz  riche  en  méthane  est  un  élément  choisi 
dans  le  groupe  constitué  par  un  gas  de  fermenta- 
tion  à  base  de  méthane  et  le  gaz  naturel. 

3.  Procédé  selon  la  revendication  2,  dans  lequel 
le  gaz  de  fermentation  à  base  de  méthane  est  un 
gaz  de  biomasse. 

4.  Procédé  selon  l'une  des  revendications  1  à  3, 
dans  lequel  le  gaz  riche  en  méthane  est  maintenu. 
à  une  température  non  supérieure  à  40°C  dans  les 
étapes  d'adsorption  et  de  désorption. 

5.  Procédé  selon  l'une  des  revendications  1  à  4, 
comprenant  en  outre  l'étape  consistant  à 
désulfuriser  le  gaz  riche  en  méthane  par  du 
charbon  activé  en  tant  qu'agent  de 
désulfurisation  avant  l'étape  d'adsorption. 

6.  Procédé  selon  l'une  des  revendications  1  à  5, 
dans  lequel  une  partie  du  gaz  désorbé  est  recyclé 
vers  l'étape  d'adsorption,  ce  qui  permet  ainsi 
d'augmenter  le  taux  de  récuperation  du  gaz 
méthane  épuré  et  simultanement  d'augmenter  la 
pureté  du  gaz  carbonique  désorbé. 
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